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largely re-created accounts, in which the elements drawn from other sources are used as 
the raw material for an account that is distinct from that of the original source. In 
traditional journalism, this was the type of aggregation work involved when journalists 
re-reported or re-wrote stories that had first been published by a competitor. It involves 
similar work today, along with some more blog-oriented forms of aggregation, like 




Figure 1: A Typology of News Aggregation 
 
*Pseudonym for an organization studied in this dissertation 
**Commonly referred to within the news industry as “breaking news reporting”; work consists primarily of 
aggregating breaking news published elsewhere online and adding confirmatory reporting. 
Note: All placements of aggregators are approximate, intended primarily for illustration.  See Glossary for 



















































































































interacting	with	physicists	and	PIOs.	Journalists	were	also	asked	to	look	at	pieces	they	had	written,	and	to	answer	specific	questions	about	the	choices	they	had	made.			 Broadly,	PIOs	were	asked	similar	questions	as	journalists.	PIOs	were	also	asked	to	describe	their	relationships/interactions	with	collaborations	and	journalists	(as	well	as	administrators,	policy	makers,	etc.).	They	were	also	asked	specific	questions	about	pieces	they	had	written.			 Interviews	also	gave	informants	some	latitude	in	following	tangents.	Some	informants,	especially	physicists,	were	hesitant	to	talk	about	anything	other	than	the	science	behind	their	experiments.	In	several	instances,	interviews	asked	detailed	questions	about	these	technical	specifications.	That	not	only	provided	important	background	information,	it	helped	built	rapport	with	informants,	setting	up	future	questions.			 Several	informants	were	asked	follow-up	questions	via	email.	Information	from	these	interviews	has	been	noted.			 Interviews	were	transcribed,	and	then	analyzed	in	MAXQDA	12.	Common	themes	were	inductively	generated,	and	then	used	to	(re)code	interviews.			 		Table	A.1	Informants	
Physicists	 Name	 Organization	 Collaborations	(physicists)	1	 Bernard	Sadoulet	 UC	Berkeley	 CDMS	2	 Blas	Cabrera	 Stanford	 CDMS	3	 Clara	Cuesta	 CIEMAT	 ANAIS	4	 *	 *	 DarkSide	
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5	 Dan	Akerib	 Stanford	 CDMS;	LZ	6	 Dan	McKinsey	 UC	Berkeley	 CLEAN;XENON;	LUX;	LZ	7	 Daniel	Snowden-Ifft	 Occidental	College	 DRIFT	8	 Robert	Webb	 Texas	A&M	 LUX;	LZ	9	 Hugh	Lippincott	 Fermilab	 DEAP;	COUPP;	PICO	10	 Juan	Collar	 U	of	Chicago	 SIMPLE;	CoGeNT;	COUPP;	PICO	11	 Lauren	Hsu	 Fermilab	 SuperCDMS;	DM-ICE	12	 Leslie	Rosenberg	 U	of	Washington	 ADMX	13	 Peter	Graham	 Stanford	 Theorist;	CASPER	14	 Peter	Meyers	 Princeton	 Darkside	15	 Phil	Barbeau	 Duke	 CoGeNT	16	 Pricilla	Cushman	 U	of	Minnesota	 CDMS	17	 Rafael	Lang	 Purdue	 CRESST;	XENON	18	 Rick	Gaitskell	 Brown	University	 CDMS;	XENON;	LUX;	LZ	19	 Rita	Bernabei	 Roma	Tor	Vergata		
DAMA	
20	 Thomas	Shutt	 Stanford	 CDMS;	LUX;	LZ	21	 Tom	Girard	 U	of	Lisbon	 SIMPLE	PIOs	 	 	 	22	 Andrew	Gordon	 SLAC	 	23	 Bill	Harlan	 SURF	 	24	 Brian	Lin	 EurekaAlert!	 	
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25	 Connie	Walter	 SURF	 	26	 Glen	Roberts	Jr.	 LBL;	SLAC	 	27	 Jeff	Garberson	 LLNL	 	28	 Jeff	Kahn	 LBL	 	29	 Jenny	Leonard	 U	of	Rochester	 	30	 Jon	Weiner	 LBL	 	31	 Judith	Jackson	 Fermilab	 	32	 Kathryn	Jepsen	 SLAC;	Fermilab	 	33	 Katie	Jurkewicz	 Fermilab	 	34	 Kevin	Munday	 Xeno	Media	 	35	 Liz	Quigg	 Fermilab	 	36	 Lynda	Seaver	 LLNL	 	37	 Manuel	Gnida	 SLAC	 	38	 Michael	Schoenfeld	 Duke	 	39	 Neil	Calder	 OIST;	SLAC;	CERN	 	40	 Richard	Fenner	 Fermilab;	Argonne	 	41	 Rob	Enslin	 Syracuse	University	 	42	 Steve	Koppes	 U	of	Chicago	 	43	 Ziba	Mahdavi	 KIPAC	 	Journalists	 	 	 	44	 Adrian	Cho	 Science	 	45	 *	 Futurity	 	46	 Clara	Moskowitz	 Scientific	American;	 	
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Space.com;	Livescience;	Discover	47	 Damond	Benningfield	 StarDate	 	48	 David	Voss	 APS	News	 	49	 Davide	Castelvecchi	 Nature;	Scientific	American;	Freelance	
	
50	 Dennis	Overbye	 NYTimes;	Sky	and	Telescope	 	51	 Emily	Conover	 Science	News;	APS:	Science	Magazine	
	
52	 Hamish	Johnston	 Physics	World	 	53	 Lisa	Grossman	 Wired;	New	Scientist	 	54	 Marcel	Pawlowski	 The	dark	matter	crisis	blog	 	55	 Mathew	R.	Francis	 freelancer	 	56	 Ramin	Skibba	 Inside	science;	Nautalus;	new	scientist	
	
57	 Rich	Zahradnik	 Space.com	 	58	 Richard	Chirgwin	 The	Register	(Australia)	 	59	 	 	 	
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Citations	 PR	Citations	Rick	Gaitskell	 LUX,	LZ,	CDMS,	XENON10	 97	 71	 26	Juan	Collar	 Cogent,	PICO,	COUPP	 56	 48	 8	
Blas	Cabrera	 CDMS,	CDMS-II,	SuperCDMS	 47	 29	 18	Dan	McKinsey	 LUX;	XENON10	 38	 21	 17	
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Collaboration	 News	 PR	 News/PR		LUX	 125	 88	 1.42	CDMS-II	 92	 54	 1.70	Cogent	 35	 3	 11.67	XENON100	 28	 19	 1.47	Darkside	 23	 6	 3.83	Dama	 17	 0	 *	LZ	 17	 52	 0.33	Zeplin-III	 17	 0	 *	COUPP	 16	 15	 1.07	Sabre	 14	 0	 *	XENON1T	 12	 12	 1.00	SuperCDMS	 11	 9	 1.22	ADMX	 10	 13	 0.77	CDMS	 9	 4	 2.25	UKDMC	 9	 3	 3.00	ADMX(Gen2)	 7	 2	 3.50	CRESST-II	 7	 3	 2.33	DEAP	3600	 7	 4	 1.75	XENON10	 7	 1	 7.00	PandaX	 6	 4	 1.50	DNA	 5	 0	 *	Edelweiss	 3	 0	 *	MiniClean	 3	 0	 *	Picasso	 3	 1	 3.00	XMASS	 3	 1	 3.00	DM	ICE	 2	 2	 1.00	DRIFT	 2	 0	 *	CRESST-I	 1	 1	 1.00	Damic	 1	 0	 *	EDELWEISS-II	 1	 1	 1.00	Pico	 1	 0	 *	DRIFT-II	 0	 1	 0.00			
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Figure	A.5:	Distribution	of	press	releases	through	news	aggregators.	 	Experiment	 Date	 Total	#	Press	Release	 Eureka	Alert	 News	Wise	 Alpha	Galileo	 InterActions	 Unique	News	Articles	ADMX	 5/16/12	 1	 DOE/LLNL	 	 	 	 0	ADMX	 11/23/06	 1	 	 	 	 	 0	ADMX	 3/15/15-4/8	 4	 	 	 	 	 0	CDMS	 4/15/13	 3	 TAMU;	SLAC;	Fermilab	 	 	 	 14	CDMS	 2/25/00	 2	 	 	 	 	 0	CDMS	 11/12/03	 3	 	 	 	 Fermilab	 0	CDMS	 5/2/04	 3	 	 	 	 Fermilab	 1	CDMS		 4/10/14	 1	 Syracuse	 	 	 	 1	CDMS-II	 2/24/08	 3	 	 	 	 Fermilab	 0	CDMS-II	 12/17/09	 2	 	 	 	 	 26	CDMS-II	 10/2/12	 2	 	 	 	 	 0	CoGeNT	 6/6/11	 2	 U	of	Chicago;	Kavli	 U	of	Chicago;	Kavli	 	 	 6	COUPP	 2/14/08	 1	 	 	 	 Fermilab	 1	COUPP	 5/1/13	 3	 	 	 	 Fermilab	 0	COUPP	 9/11/12	 1	 	 	 	 	 0	CRESST	 9/8/15	 4	 TUM	 	 	 	 1	CRESST	 2/1/16	 1	 Springer	 	 	 	 0	DAMA	 8-Apr	 1	 	 	 	 	 0	DarkSide	 2/27/14	 1	 	 	 	 	 0	LUX	 11/15/12	 6	 LLNL/DOE	 	 	 	 2	LUX	 10/30/13	 10	 U	of	Chicago;	Brown;	Imperial	College	 	 	 Sanford	Lab	 28	LUX	 2/20/14	 1	 Brown	 	 	 	 0	
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Tom	Shutt	describes	it,		Bernard	[Sadoulet]	came	from	a	particle	physics	background	so,	you	know,	he	saw	you	got	to	collaborate—you	need	a	big	experiment,	so	uh,	you	know,	he,	they	basically	formed	a	collaboration,	so	it	was	Berkeley,	Stanford,	and	Santa	Barbara	(T.	Shutt,	personal	communication,	3/9/2016).		As	noted	above,	Sadoulet	had	already	been	working	with	David	Caldwell	at	UC	Santa	Barbara.	Yet	the	true	beginning	of	the	CDMS	collaboration	was	in	many	ways	the	addition	of	Blas	Cabrera’s	group	from	Stanford,	a	group	that	had	for	many	years	been	a	friendly	“rival”	(T.	Shutt,	personal	communication,	3/9/2016).			
The	Stanford	Group	Just	thirty	miles	away	from	Berkeley,	Blas	Cabrera,	a	well	respected	condensed	matter	physicists	at	Stanford,	had	spent	much	of	the	second	half	of	the	1980s	becoming	interested	in	dark	matter	research.	Cabrera	is	a	third	generation	physicists,	his	grandfather,	Blas	Cabrera	Felipe,	was	a	famous	pioneer	of	condensed	matter	physics,	specializing	in	magnetism.	His	father,	Nicolás	Cabrera	was	a	well-known	physicist	in	materials	science.	Blas	Cabrera	had	worked	for	years	on	a	project	that	used	highly	sensitive	instruments	to	attempt	to	detect	magnetic	monopoles,	a	theoretical	particle	that	has	a	net	magnetic	charge.	On	Valentines	Day	1982,	Cabrera’s	experiment	detected	a	signal	that	seemed,	for	all	intents	and	purposes,	to	be	a	monopole	(Cabrera,	1982).	However,	after	continuing	to	run	the	experiment	for	years,	his	team	never	saw	a	second	signal.	In	an	interview,	Rick	Gaitskell	quoted	a	poem	apparently	written	by	
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one	of	the	researchers	on	the	one-year	anniversary	of	the	“valentines	day	monopole”			 Roses	are	red	and	violets	are	blue		 Isn’t	it	time	now	for	a	monopole	two?43			By	the	mid	1980s,	frustrated	with	the	direction	of	his	work,	Cabrera	began	researching	the	possibility	of	applying	some	of	the	instrument	technology	that	he	had	been	using	to	other	ends—in	particular	to	the	search	for	dark	matter	(e.g.	Cabrera,	Krauss,	Wilczek,	1985).	Cabrera	realized	that	the	instruments	his	group	had	been	using	to	look	for	monopoles—instruments	that	could	register	tiny	changes	in	magnetic	charge,	could	be	used	to	make	highly	sensitive	dark	matter	detectors.		Realizing	that	there	would	be	value	in	bringing	together	the	increasing	number	of	scholars	interested	in	cryogenic	approaches	to	dark	matter,	Cabrera	organized	quarterly	meetings	what	he	called	the	Bay	Area	Low	Temperature	Informal	Conference	(BALTIC).		Between	the	well-funded	CfPA	and	the	relationships	developed	at	conferences	like	BALTIC,	the	impetus	grew	to	formally	consolidate	the	groups	at	Berkeley,	Stanford,	and	Santa	Barbara	into	a	single	experiment.	Initially	the	group	was	named	simply	“the	dark	matter	pilot	experiment”	(B.	Sadoulet,	personal	communication,	4/6/2016),	but	eventually	it	became	the	Cryogenic	Dark	Matter	Experiment	(CDMS),	a	name	which	Cabrera	remembers	as	simply	the	“lowest	common	denominator”	(B.	Cabrera,	personal	communication,	11/16/2015)	amongst	the	different	experimental	groups.	While	each	of	the	major	groups	offered																																																									43	This	is	also	cited	in	the	book	The	Early	Universe:	Facts	and	Fiction	by	G.	Börner,	2013	
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a	slightly	different	approach	and	expertise44,	the	Stanford	group	also	supplied	the	use	of	an	experimental	site,	in	the	form	of	a	shallow	underground	laboratory	beneath	SLAC.	As	discussed	in	more	detail	below,	operating	these	experiments	underground	helps	limit	some	of	the	most	troubling	backgrounds,	potentially	making	it	easier	to	identify	WIMP	signals.	Throughout	the	rest	of	the	1990s,	CDMS	continued	to	grow—attracting	more	and	more	graduate	students	and	post	docs,	as	well	as	new	institutional	counterparts.	Around	2000,	the	collaboration	released	its	first	major	results	(Abusaidi	et	al,	2000)—results	that	gained	both	expert	and	public	attention	for	contradicting	the	findings	of	the	DAMA	collaboration,	which	for	several	years	had	claimed	to	have	seen	evidence	of	WIMPS	(Bernabei	et	al,	2000).45	The	release	of	these	major	results,	more	or	less	represented	the	end	of	an	era	for	CDMS.	Not	only	would	CDMS’s	attention	turn	to	the	next	iteration	of	the	experiment,	a	project	that	would	be	known	as	CDMS-II,	and	would	occupy	the	collaboration	for	much	of	the	next	decade,	but	also	the	funding	and	organizational	landscape	of	the	collaboration	began	to	shift	notably.		First,	while	much	of	the	funding	for	CDMS	had	come	from	the	CfPA	(along	with	several	grants	from	the	NSF	and	DOE),	by	2000	the	CfPA	had	closed	down.	With	the	end	of	the	CfPA,	CDMS-II	had	to	look	elsewhere	for	funding	and	
																																																								44	To	review,	Sadoulet	was	a	particle	physicists,	Caldwell	a	nuclear	physicist,	and	Cabrera	a	condensed	matter	physicist.		45	See	chapter	3	for	a	deeper	discussion	of	DAMA.	Basically,	DAMA	uses	a	different	approach:	rather	than	discriminate	against	non-WIMP	signals,	they	use	instruments	that	detect	many	particles.	There	is	theoretical	justification	for	believing	that	as	the	Earth	moves	through	space	around	the	sun,	it	will	run	through	different	numbers	of	WIMPS,	depending	on	its	position	around	the	Sun.	This	means	that	over	the	span	of	years,	it	should	be	possible	to	see	annual	modulations	in	the	total	number	of	particles	detected.	The	issue,	however,	is	being	sure	the	annual	modulation	is	a	result	of	WIMPs.	
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institutional	support.	Eventually,	CDMS-II	won	significant	support	from	both	the	NSF	and	DOE.		As	part	of	this	funding,	however,	the	agencies	required	CDMS-II	to	choose	between	two	separate	approaches	it	had	been	pursuing	simultaneously.	Basically,	even	though	CDMS	had	consolidated	several	different	groups,	there	were	still	two	different	approaches	being	employed	by	collaboration	members.	The	Berkeley	group	had	pioneered	an	approach	using		thermistors	on	crystals	to	measure	the	very	small	temperature	rise	that	you	get	[with	WIMP	collisions].	While	at	Stanford	we	were	using	thin	film	super	conductors	on	the	surface	of	the	same	sort	of	crystals,	germanium	and	silicon,	to	detect	the	phonons46,	because	of	the	position	sensitivity,	and	various	other	sort	of	more	information	from	the	super	conductors	it	was	clear	that	you	could	do	better,	you	understand	a	lot	more	about	the	event	that	were	happening	in	the	crystal,	and	then	potentially	be	able	to	tell	the	difference	between	backgrounds	and	dark	matter	to	a	greater	degree	(R.	Gaitskell,	personal	communication,	9/22/2016).		However,	the	Berkeley	approach,	while	someone	simpler,	was	better	understood.		essentially	we	had	one	technology	that	was	very	well	established	[the	Berkeley	technology]	and	had	delivered	many	good	results,	and	was	clearly	could	be	mass	produced.	We	had	a	second	technology	[the	Stanford	approach]	that	potentially	had	greater	ultimate	performance,	although	at	the	time	we	were	really	trying	to	make	a	decision,	the	performance	was	still	lagging	the	more	established	of	the	two	technologies,	but	there	was	more	headroom,	ultimately,	it	could	probably	go	higher	(R.	Gaitskell,	personal	communication,	9/22/2016).		The	funding	agencies	argued	that	it	was	a	waste	of	resources	to	simultaneously	pursue	two	separate	detector	technologies	to	solve	the	same	problem.	After	much	discussion	and	debate,	the	collaboration	chose	to	go	with	the	Stanford	approach—																																																								46	More	or	less,	related	to	heat	
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the	less	established,	though	more	promising	technology.			 The	second	major	change	that	came	with	CDMS-II	was	in	the	location	of	the	experiment.	Collaboration	leaders	realize	that	in	order	to	produce	more	sensitive	results,	they	would	need	to	move	the	experiment	far	deeper	underground	than	the	laboratory	beneath	SLAC.	Searching	for	a	new	location	for	the	experiment	brought	the	collaboration	to	the	Soudan	mine	in	Northern	Minnesota—an	option	that	had	been	championed	by	Priscilla	Cushman,	a	faculty	member	in	the	physics	department	at	the	University	of	Minnesota	(P.	Cushman,	personal	communication,	10/3/2016).	The	mine	itself	hadn’t	been	in	active	use	since	the	early	1960s,	and	had	been	donated	to	the	state	of	Minnesota	and	turned	into	the	Soudan	Underground	Mine	State	Park.	In	the	early	1980s,	the	leaders	of	a	large	neutrino	experiment,	MINOS,	realized	the	mine	would	provided	a	perfect	environment	shielded	from	background	radiation.	The	experiment	had	worked	with	the	University	of	Minnesota	and	Fermilab	to	develop	the	mine	as	an	underground	laboratory.	That	there	was	already	an	ongoing	experiment	in	the	mine	meant	that	CDMS-II	“was	able	to	piggyback	on	that	infrastructure”	(B.	Cabrera,	personal	communication,	11/16/2015).	Running	highly	sensitive	experiments	deep	underground	in	mines	presents	a	number	of	difficult	engineering	and	infrastructural	challenges:	as	mundane	as	moving	sensitive	equipment	or	installing	safety	measures.	That	Soudan	provided	a	technical	infrastructure	saved	the	experiment	a	good	deal	of	time,	money,	and	effort.		As	it	moved	to	the	Soudan	mine,	CDMS-II	grew	from	12	to	18	institutions.	At	the	same	time,	the	leaders	of	CDMS	negotiated	for	Fermilab	to	join	the	collaboration.	Until	that	time,	CDMS	did	not	have	a	major	national	laboratory	as	a	direct	partnering	
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institution.	The	leadership	of	CDMS	was	able	to	negotiate	with	John	Peoples,	the	director	of	Fermilab,	who		encouraged	several	of	the	senior	scientists	at	the	lab	to	get	involved	and	he	arranged	it	in	a	way	that	the	lab	didn’t	overwhelm	the	collaboration.	He	set	it	up	in	a	way	that	similar	in	scale	to	the	university	groups	and	that	worked	rather	well….Basically,	restricting	the	scale,	the	number	of	people	involved,	and	so	forth—and	keeping	it	[that	way].	When	he	set	it	up	he	kept	it	outside	of	the	standard	oversight	process	at	Fermilab	(B.	Cabrera,	personal	communication,	11/16/2015).		Cabrera’s	concern	that	the	national	laboratory	might	overpower	the	other	institutions	in	the	collaboration	hints	at	the	persistent	and	unique	culture	of	the	collaboration.	But	to	understand	where	this	sentiment	came	from,	it	is	necessary	to	return	to	the	beginning	of	CDMS.	
	
[Cyber]culture	and	CDMS	As	described	above,	CDMS	grew	up	and	out	of	the	Bay	Area.	While	there	were	other	institutions	involved,	Sadoulet’s	group	at	Berkeley	and	Cabrera’s	group	at	Stanford	provided	much	of	the	intellectual	and	administrative	leadership	for	the	collaboration.	Yet,	arguably,	there	is	more	of	a	connection	between	CDMS	and	the	Bay	Area	than	just	the	fact	that	Sadoulet	and	Cabrera	were	employed	at	Berkeley	and	Stanford.	Sadoulet	came	to	Berkeley,	in	part,	to	escape	some	of	the	challenges	of	working	in	a	huge	scientific	collaboration.	As	larger	and	larger	instruments	were	built	in	places	like	CERN,	huge	collaborations	increasingly	came	to	define	the	field	of	high-energy	particle	physics	(Galison,	1992;	1997).	The	UA1/2	experiments	that	
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Sadoulet	helped	run	in	the	1970	and	1980s,	involved	more	than	150	people	and	11	institutions	(B.	Sadoulet,	personal	communication,	4/6/2016)47.	Sadoulet	recollected	that	as	one	of	the	leaders	of	the	experiment,		I	spent	most	of	my	time	in	budgets	and	pushing	the	construction	through,	and	trying	to	organize—in	spite	of	my	boss—the	communication	within	the	team.	And	at	that	time	I	choked	that	this	was	my	main	goal	in	life,	I	should	have	joined	general	motors	or	IBM,	not	be	in	physics,	so	I	felt	somewhat	removed	from	physics,	even	though	I	was	really	working	at	the	frontier	(B.	Sadoulet	personal	communication,	4/6/2016).			 	Large	accelerator	research	meant	working	on	teams	with	dozens	of	members,	“working	on	the	subsystem	of	a	subsystem,	going	to	a	lot	of	a	meetings,	things	like	that…it	didn’t	seem	as	vital	to	me”	(D.	Akerib,	personal	communication,	11/30/2015).	This	ramped	specialization	helped	separate	individual	physicists	from	the	both	experimental	planning	and	design—but	also	from	a	more	holistic	and	big-picture	view	of	the	experiment.			As	big	collaborations	grew,	researchers	must	also	spend	more	and	more	time	dealing	with	formal	bureaucratic	structures.	“These	big	experiments	there’s	tons	of	review,	there	tends	to	be	a	formal	structure	laid	out	for	the	experiments.	Um,	more	‘Boxology.’	In	terms	of	rules,	and	a	whole	lot	more	meetings”	(D.	McKinsey,	personal	communication,	11/3/2015).	As	Dan	Akerib	explained	his	reason	for	leaving	accelerator	physics	“And	at	the	same	time	I	had	gotten	a	little	disenchanted	with	working	on	really	large	particle	physics	experiments,	and	really	large	then—I	guess	
																																																								47	Importantly,	this	would	be	seen	as	a	medium-sized	collaboration	by	today’s	standards.	Currently	at	CERN,	the	AMS	experiment	involves	over	1000	scientists.	In	fact,	today,	there	are	direct	detection	experiments	that	are	this	big—a	dynamic	that	has	caused	some	concern	for	long-time	dark	matter	physicists.	
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the	culture	of	it	seemed	to	me	a	little	bit	corporate,	a	little	bit	depersonalized”	(D.	Akerib,	personal	communication,	11/30/2015).		 In	contrast,	from	the	beginning	dark	matter	physicists	embraced	a	different	approach	to	doing	science.	Instead	of	being	part	of	an	experiment	running	at	some	massive	off-site	location,	“Dark	matter	used	to	be	advertised	as	a	bench	top	experiment”	(T.	Shutt,	personal	communication,	3/9/2016),	meaning	that	experiments	could	be	done	down	in	the	basement	of	a	university	physics	building.	At	the	same	time,	instead	of	working	on	a	tiny	piece	of	a	huge	experiment,	dark	matter	research	in	the	1980s	and	1990s	meant	being	able	to	be	involved	in	nearly	all	aspects	of	an	experiment,	from	conceptualization,	through	building,	and	analysis.	as	far	as	the	physics	in	atomic	physics	or	condensed	matter	physics,	or	small	astro-physics	experiments	they	tend	to	be	more	sort	of	single	PI,	a	professor	and	the	professor’s	research	group.	And	you	know	it’s	a	small	team	you	can	pull	off	some	projects,	it’s	a	very	different	thing,	you	know	in	the	end	there’s	one	decision	maker,	whose	the	PI,	so,	things	actually	can	be	a	lot	more	fun….you	have	a	lot	more	autonomy,	you	can	do	whatever	you	want,	you	can	move	quickly,	you	can	make	decisions	about	what	you	want	to	do	quickly,	and	uh,	you	know,	an	individual	person	is	probably	doing	multiple	things	on	the	experiment,	you	have	more	control	above	what’s	going	on	(D.	McKinsey,	personal	communication,	11/3/2015).		In	this	ideal	of	small	teams,	working	autonomously,	and	having	the	ability	to	easily	switch	ideas,	approaches,	and	goals,	it	is	easy	to	recognize	some	of	the	ethos	that	defined	many	silicon	valley	start	ups	from	the	80s	on—an	ethos	that	Fred	Turner	traces	to	west-coast	counterculture	movements	of	the	60s	and	70s	(Turner,	2008).	For	dark	matter	experiments,	it	wasn’t	only	opting	out	of	large-scale,	bureaucratic	accelerator	research	as	it	became	increasingly	dominant	in	particle	physics;	it	was	about	having	the	opportunity	to	join	“small	experiments,	clever	experiments	to	look	
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for	new	particle	physics…	I	liked	the	idea	of	you	know,	doing	some	clever	but	daring	small	thing	to	make	a	big	difference	(D.	McKinsey,	personal	communication,	11/3/2015).			 Beyond	the	recognizable	similarities	in	the	ways	that	silicon	valley	technology	firms	and	early	west-coast	direct	detection	experiments	idealized	work	structures	and	imagined	their	role,	the	CfPA	more	actively	worked	to	bridge	the	wider	cultural	movements	of	silicon	valley	and	astroparticle	physics.	For	example,	from	June	21-23,	1992,	CfPA	hosted	a	conference,	titled,	The	Changing	Culture	in	
Science—Bringing	It	into	Balance.	The	center	published	a	“Conference	Report	and	Call	to	Action,”	describing	the	conference	and	presenting	its	findings.	It	begins,		There	is	a	need	for	change	in	the	scientific	culture	to	accommodate	a	new	population.	The	need	for	change	is	compounded	by	the	fact	that	science	itself	has	and	is	changing	rapidly.	We	are	faced	with	the	creativity	and	greater	sensitivity	to	societal	needs	(1992:	p.	ii).		The	conference	discussed	ways	of	being	more	inclusive	of	diversity	in	science,	and	concluded	“Diversity	and	excellence	are	not	intrinsically	opposed.	To	the	contrary,	diversity	can	be	conducive	to	a	more	creative	science	and	better	linkages	to	society,	and	should	be	valued.”	It	concludes	by	articulating	“Guiding	Principles	of	an	Inclusive	Community:”	Dispense	with	the	hierarchy	Encourage	communication	Offer	equal	involvement	to	all	members	of	the	group	in	decision	making	Foster	interconnectedness	among	the	groups	Replace	competition	with	collaboration	Avoid	adversarial	framing	of	the	issues	(1992).		These	values	not	only	help	ground	the	types	of	formal	governance	structures	that	organizations	like	CDMS	would	adopt,	but	they	speak	to	an	ethos	rejecting	the	
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bureaucratic	hierarchies	that	had	been	increasingly	defining	large	accelerator	experiments	and	large	corporations.		As	an	interesting	side	note,	these	early	collaborations	also	adopted	the	other	defining	element	of	Silicon	Valley:	silicon.	In	July	of	1985	Cabrera	published	a	paper	with	Lawrence	Krauss	and	Frank	Wilczek	that	laid	out	one	of	the	earliest	theoretical	discussions	of	the	possibilities	of	measuring	tiny	changes	in	heat	in	a	detector	as	a	result	of	collisions	of	neutrons.	Interestingly,	in	this	article,	the	authors	observe	“at	present	no	effective	detector	exists,”	however		We	propose	here	the	use	of	large	quantities	of	silicon.	This	elemental	material	is	especially	well	suited	for	thermometric	detection	both	of	recoil	electrons	and	of	lower-energy	recoil	nuclei	from	v	interactions.	Moreover,	because	of	its	large-scale	use	in	the	semiconductor	industry,	Si	is	readily	available	with	extremely	high	purity	in	large	amounts	(p.	26).		The	authors	realized	that	the	same	reasons	that	silicon	has	been	used	in	computer	transistors,	makes	it	a	good	fit	for	direct	detection	experiments.			
Notable	Organizational	Structures	of	Multi-Institution	Collaborations		 In	order	to	understand	better	the	structure	of	CDMS—and	how	it	differed	from	large	accelerator	experiments,	this	section	looks	at	some	of	the	key	governance	bodies	and	structures	in	place	at	CDMS,	and	its	successor	experiments,	CDMS-II,	and	SuperCDMS.		 CDMS	is,	ultimately,	an	association	of	universities	and	national	laboratories.	Institutional	membership	runs	through	principal	investigators	(PIs),	university	faculty	members	or	staff	research	scientists	at	national	laboratories,	who	brings	along	their	research	group.	Currently	SuperCDMS	has	95	members	representing	25	
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institutions.	More	broadly	speaking,	dark	matter	collaborations	range	in	size,	from	one	institution	(ANAIS),	to	thirty-one	(DarkSide	and	LZ)		Like	nearly	every	direct	detection	collaboration,	CDMS	is	and	has	been	led	by	one	or	two	“spokespersons.”	Spokespersons	are	generally	elected	to	the	position.	The	name	“spokesperson”	is	no	coincidence,	“the	spokesperson	is	the	face	of	the	collaboration	pointing	outward”	(B.	Cabrera,	personal	communication,	11/16/2015).	Usually,	spokespersons	are	senior	scientists,	who	have	experience	with	external	communication.	This	idea	of	being	the	“face,”	was	repeated	by	several	informants.	 The	spokesperson	is	the	face	of	the	collaboration	and	often	times	the	intellectual	driver,	they	are	not	always.	Sometimes	they	are	just	the	face	of	the	collaboration	to	the	funding	agencies,	but	not	always	but	sometimes	there’s	something	called	the	project	manager,	and	often	times	they	are	the	face	of	the	collaboration	to	the	rest	of	the	scientific	community	and	to	the	outside	world,	and	that	is	outside	true.	No	matter	what,	if	you’re	named	as	spokesperson,	and	that’s	your	title,	you	are	the	person	whose	responsible	for	organizing	communication	to	the	media	and	to	universities,	and	to	the	scientists,	you	were	the	last	say	on	the	paper,	you	recognize	that	you	may	not	be	the	person	who	wrote	the	paper,	you	may	have	some	young	person	in	the	collaboration	to	help	them	out,	give	them	credit,	but	this	is	your	interpretation	of	how	you	should	represent	the	collaboration	onto	the	outside	world.	That	is	always	true	(P.	Barbeau,	personal	communication,	10/21/2015).		As	Knorr-Cetina	observes,	the	spokesperson	draws	a	great	deal	of	power	from	serving	as	a	bridge	to	the	outside	world	(1999).	Importantly,	across	direct	detection	experiments,	most	of	the	current	and	former	spokespersons	were	also	experiment	founders.		In	addition	to	a	spokesperson,	CDMS,	like	many	direct	detection	collaborations,	also	has	a	“project	manager,”	who	is	responsible	for	much	of	the	day-
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to-day	management	of	the	collaboration—in	particular	how	to	deal	with	government	bureaucracies.	According	to	Leslie	Rosenberg,	the	spokesperson	and	founder	of	the	axion	experiment	ADMX,		the	regulations,	rules,	requirements	[at	the	DOE]	are	so	dense	now	that	you	need	someone	who	understands	the	lingo,	so	what	does	it	mean	to	have	a	CD1	review,	what	does	it	mean	to	have	a	layman	review,	what	are	the	reporting	requirements,	etc.	it	means	that	you	really	need	someone	who	is	trained	in	that	environment	(L.	Rosenberg,	personal	communication,	3/25/2016)		The	current	spokesperson	of	SuperCDMS,	Dan	Bauer,	is	also	the	leader	of	an	“executive	committee.”	This	committee	meets	on	a	weekly	basis,	so	the	executive	committee	has	been	typically	been	4,	5,	or	6	people,	it	has	grown	somewhat	in	recent	times.	And	they	meet	weekly.	Discussing	the	issues	that	come	up	with	the	collaboration	(B.	Cabrera,	personal	communication,	11/16/2015).		In	addition	to	the	executive	committee,	SuperCDMS	has	a	“board,”	which	is	made	up	of	“all	of	the	principal	investigators	in	the	collaboration.	Mostly	one	per	institutions,	but	in	some	instances	there	are	two,	or	three	depending	on	the	size	of	the	groups.	And	they’re	all	principle	investigators”	(B.	Cabrera,	personal	communication,	11/16/2015).	Finally,	SuperCDMS	also	has	a	“council,	which	is	a	somewhat	larger	group	that	also	includes	senior	scientists…	The	council	typically	meets	twice	a	month,	the	board	once	a	month,	something	like	that”	(Blas).	This	all	means	that	SuperCDMS	not	only	has	a	spokesperson,	but	also	three	separate	administrative	bodies,	an	executive	committee,	a	board	of	PIs,	and	a	council	of	all	senior	scientists.			 In	addition	to	management	committees,	CDMS,	like	other	collaborations,	is	also	organized	into	working	groups	or	divisions.	These	concern	different	aspects	of	building	and	running	experiments,	and	vary	widely	depending	on	the	collaboration.		
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	 One	of	the	most	important	positions	at	CDMS	is	what	is	called	the	“analysis	coordinator”	or	“analysis	convener”	(L.	Hsu,	personal	communication,	4/14/2016).	Analysis	coordinators	tend	to	be	senior	post-docs	or	new	assistant	professors.	They	are	responsible	for	leading	efforts	to	analyze	the	huge	amounts	of	data	produced	by	these	experiments—efforts	that	can	take	months	or	years.	Analysis	can	be	very	difficult,	and	requires	a	great	deal	of	time—time	that	more	senior	faculty	may	not	have	given	other	administrative	responsibilities.	Similarly,		a	very	young	faculty	is	like	swimming,	just	trying	to	stay,	keep	their	head	above	water,	they	have	typically	may	have	little	kids,	they	have	moved	their	family,	they	are	dealing	with	teaching	for	the	first	time,	and	trying	to	get	their	lab	set	up,	and	trying	to	recruit	students,	and	trying	to	manage	a	budget	all	of	that.	You	know,	huge	change	in	life	style,	so	they’re	not,	fresh,	fresh,	fresh	young	person,	no	way	they	could	be	analysis	coordinator	(T.	Shutt,	personal	communication,	3/9/2016).			Yet,	at	the	same	time,	the	analysis	coordinator	needs		A	lot	of	skills,	but	they	have	to	have	been	in	a	couple	of	different	experiments,	because	until	you	have	been	in	a	couple	of	different	experiments,	its	just	like	leaving	high	school	and	going	to	college	until	you	have	encountered	a	few	different	environments	you	don’t	have	the	understanding	of	group	dynamics,	and	just	you	know,	whatever,	maturity,	and	you	know,	sense	of	stuff	in	order	to	do	this	job	(T.	Shutt,	personal	communication,	3/9/2016).		Given	all	of	this,	the	position	of	analysis	coordinator	tends	to	serve	as	a	springboard	for	top	post-docs	to	help	secure	good	faculty	positions.	For	example	Jodi	Cooley	served	as	the	analysis	coordinator	for	SuperCDMS	ahead	of	its	2009	release,	before	taking	a	job	at	Southern	Methodist	University	and	Rafael	Lang	served	as	the	analysis	coordinator	for	both	CRESST	and	XENON100,	before	landing	a	faculty	job	at	Indiana	University.		
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The	Large	Underground	Xenon	(LUX)	Dark	Matter	Experiment	By	the	end	of	the	1990s,	as	it	was	becoming	apparent	that	CDMS	would	not	see	evidence	of	WIMPS	in	its	initial	run,	some	members	organized	an	informal	meeting	with	theorists	at	CERN.	According	to	Rick	Gaitskell,	“We	needed	greater	guidance	from	theorists	about…	the	possible	candidates	about	dark	matter”	(R.	Gaitskell,	personal	communication,	9/22/2016l).	Based	on	recent	work,	these	theorists	suggested	that	WIMPs	could,	in	fact,	have	a	coupling	strength	several	orders	of	magnitude	(millions	of	times)	weaker	than	previously	thought.	This	meant	that	the	experimental	detectors	would	need	to	be	significantly	more	sensitive	than	they	were.	 I	remember	coming	back	from	that	and	making	a	presentation	to	the	CDMS	collaboration,	and	saying	look	the	theorists	are	telling	us	that	we	may	need	to	build	detectors	at	a	1-ton	scale	or	even	a	10-ton	scale,	I	remember	saying,	in	rather	sort	of	hushed	tones	if	you	like	because	10	tons—1	ton	seemed	kind	of	crazy,	10	tons	seemed	absolutely	insane	(R.	Gaitskell,	personal	communication,	9/22/2016).		At	the	time,	CDMS	had	been	working	at,	roughly,	the	0.5	to	1	kilogram	scale—meaning	the	detectors	would	have	be	a	thousand,	or	even	ten	thousand	times	larger.	CDMS	employed	detectors	composed	of	solid	crystals	of	germanium	and	silicon	that	were	physically	limited	by	the	ways	that	crystals	could	be	grown.	This	means	that	to	build	a	detector	at	this	scale	would	require	linking	together	huge	numbers	of	smaller	detectors:	a	nightmarish	effort	to	coordinate	all	the	detectors	together.	This	encouraged	Rick	Gaitskell	to	begin	investigating	other	sorts	of	detector	technologies.			It	was	just	that	scaling	that	many	detectors	was	too	hard,	too	expensive,	too	man-power	intensive,	and	there	were	too	many	
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question	marks	about	how	to	do	that.	Also,	just	fundamentally	monolithic	targets	are	better,	homogeneous	monolithic	targets,	and	it	doesn’t	get	much	more	homogeneous	and	monolithic	than	a	bucket	of	something.	You	know,	a	bucket	of	water,	bucket	of	liquid	scintillator,	a	bucket	of	liquid	xenon.	You	are	probably	aware	that	at	the	time,	the	early	naughties,	the	Japanese	were	just	about	to	get	their	noble	prize	for	the	Super	Kamiokanda,	super	KK,	the	ones	that	had	come	before,	they	demonstrated	what	you	could	do	with	a	large	bucket	of	water.	The	last	one	being	20	stories	high	(R.	Gaitskell,	personal	communication,	9/22/2016).		Although	CDMS	was	perhaps	the	most	prominent	American	direct	detection	experiment	at	this	time,	there	were	a	number	of	experiments	investigating	other	detector	technologies.	Most	notably,	in	the	UK	the	Zeplin	series	of	experiments,	which	had	grown	out	of	the	United	Kingdom	Dark	Matter	Collaboration	(UKDMC),	had	been	developing	time	projection	chambers	with	targets	made	out	of	liquid	noble	elements	(see	next	chapter	for	a	description	of	how	these	work),	such	as	xenon	(Lüscher	et	al.,	2001).	These	experiments	had	never	been	wholly	successful,	in	part	because	of	limitations	in	commercially	available	photomultipliers	tubes	(PMTs),	a	key	aspect	of	these	detectors	(P.	Meyers,	personal	communication,	8/22/2016).	PMTs	are	instruments	that	can	detect	and	record	photons.	For	decades	PMTs	have	been	able	to	detect	individual	photons,		but	their	efficiency	was	always	around	20	percent,	so	they	could	give	you	a	signal	for	1	photon,	but	they	only	do	that	for	1/5	of	them,	and	Hamamatsu	[the	main	global	manufacturer	of	PMTs]	found	some	magical	way	to	increase	that	from	20	percent	to	like	35	percent,	and	for	the	previous,	I	would	say,	40	years	there	had	been	essentially	no	improvement	in	that	number,	and	a	few	years	ago	suddenly	have	these	things	available,	it’s	like	a	miracle	(P.	Meyers,	personal	communication,	8/22/2016).		With	better	PMTs,	dark	matter	detectors	that	looked	for	scintillation	(photons)	of	large	targets	made	up	of	liquid	noble	elements	became	a	much	more	viable	and	
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competitive	option.	Perhaps	most	notably,	Elena	Aprile,	a	physicist	at	Columbia	University,	had	started	investigating	ways	to	retool	her	xenon-based	neutrino	detectors	for	dark	matter	searches.	Based	on	his	interest	in	exploring	other	detector	technologies,	and	the	fact	that	his	post-doc	at	the	CfPA	ended,	Rick	Gaitskell	quit	CDMS.	After	a	brief	stint	at	London	University,	he	took	a	faculty	position	at	Brown	University.	Given	his	proximity	to	New	York,	Gaitskell	joined	Aprile	in	developing	xenon	detectors	“rather	than	reinventing	the	wheel	in	six	different	locations	simultaneously”	(R.	Gaitskell,	personal	communication,	9/22/2016).	Along	with	several	other	PIs,	they	eventually	formed	the	XENON	collaboration,	and	began	working	on	what	would	be	called	the	XENON10	detector.	Gaitskell	and	Aprile	had	significant	success	funding	the	new	project:	before	leaving	CDMS,	Gaitskell	had	convinced	the	DOE	to	let	him	move	his	funding.	Aprile	also	quickly	won	a	large	umbrella	grant	from	the	NSF.			 Even	before	XENON10	had	finished	collecting	and	analyzing	data,	members	of	the	collaboration	began	planning	for	the	next	iteration	of	the	experiment,	what	was	to	be	called	XENON100—a	larger,	several-hundred	Kg	detector.	However,	during	the	process	of	writing	a	new	funding	proposal,	five	of	the	seven	institutions	ultimately	decided	they	no	longer	wanted	to	be	associated	with	the	experiment,	but	instead	wanted	to	form	their	own	collaboration.	Eventually,	these	groups	split,	forming	the	Large	Underground	Xenon	or	LUX	collaboration.			 In	interviews,	leaders	of	LUX	provided	several	different	justifications	for	deciding	to	split	from	the	XENON	collaboration.	First,	although	mostly	planned	as	an	R&D	effort,	XENON10	had	proved	to	be	the	most	sensitive	direct	detection	
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experiment	in	an	increasingly	crowded	field.	Part	of	what	makes	xenon-based	detectors	attractive	is	the	ease	of	scaling-up—you	basically	just	need	to	build	a	bigger	tank	of	xenon.	XENON100	was	planned	to	have	a	detector	mass	of	around	100	kg,	but	some	in	the	collaboration	believed	this	was	not	ambitious	enough—and	that	they	should	build	the	largest	detector	that	they	could—perhaps	something	at	the	half-ton	scale	(R.	Gaitskell,	personal	communication,	9/22/2016).		 Second,	although	composed	of	many	American	research	groups,	XENON10	was	actually	housed	and	run	at	the	Gran	Sasso	laboratory	beneath	the	Apennine	Mountains	in	central	Italy.	As	Tom	Shutt,	who	had	been	recruited	to	join	XENON10	“we	wanted	to	do	a	US	experiment,	and	the	Xenon	program	was	clearly	going	to	be	in	Gran	Sasso”	(T.	Shutt,	personal	communication,	3/9/2016).	At	this	time,	the	NSF	was	developing	a	new	underground	laboratory—one	that	could	pull	together	and	house	the	increasing	number	of	science	experiments	run	underground.48	The	NSF	named	this	the	Deep	Underground	Science	and	Engineering	Laboratory,	or	DUSEL.	While	the	Department	of	Energy	has	run	scientific	laboratories	for	decades,	the	NSF	generally	does	not	operate	facilities.	In	2007	the	NSF	settled	on	the	Homestake	mine	in	South	Dakota	as	the	site	for	DUSEL—and	had	already	been	awarding	grants	for	initial	design	work	on	the	project.	As	planning	for	DUSEL	proceeded,	the	NSF	also	tried	to	line	up	major	projects	for	the	new	facility—LUX	quickly	become	one	of	DUSEL’s	key	initiatives	(Riesselmann,	2/1/2010).			While	dissatisfaction	with	the	proposed	size	and	location	for	XENON100																																																									48	These	include	direct	detection	searches	along	with	a	range	of	other	initiatives,	including,	most	notably,	double-beta	decay	experiments.	
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helped	motivate	LUX’s	split,	a	number	of	informants	suggested	there	was	another	reason.	As	Tom	Shutt	describes	it	“it	was	just	a	difference	of	philosophy	on	how	to	run	the	experiment”	on	a	“sociological	level”	(T.	Shutt,	personal	communication,	3/9/2016).	Rick	Gaitskell	observed:		there’s	a	model	for	physics	that’s	quite	popular	in	Italy,	certainty	one	that	Elena	[Aprile]	likes,	which	is	the	rather	autocratic	system.	In	the	US,	I	think,	and	its	one	of	the	strengths	of	the	U.S.	science,	in	US	physics,	is	there’s	a	more	sort	of	level,	equal,	uh,	meeting	of	equals,	idea.	You	know,	everybody	is	able	to	develop	ideas	and	have	them	taken	seriously,	and	then	there’s	a	great	deal	of	discussion,	and	you	usually	you	see	a	consensus	establishing	itself,	even	though	people	have,	often	nailed	their	heart	to	a	particular	idea,	they	understand	that	if	they	cannot	convince	a	jury	of	their	peers,	or	their	colleagues	that	it’s	a	good	idea,	that	I	don’t	care	how	bloody	strongly	you	feel	about	something,	you	have	to	convince	people	within	the	group,	within	the	wider	collaboration	that	this	is	a	good	idea”	(R.	Gaitskell,	personal	communication,	9/22/2016).			 A	number	of	scholars	(Galison,	1997;	Knorr-Cetina,	1999;	Traweek,	1988)	have	all	observed	that	particle	physics	has	a	long	tradition	of	more	participatory	or	democratic	structures,	even	beyond	the	US.	Informants	strongly	suggested	that	they	found	Aprile’s	more	authoritative	management	style	somewhat	untenable.	Yet,	it	is	worth	noting	hat	many	of	the	researchers	who	split	from	Xenon	to	form	LUX	had	previously	worked	for	CDMS	(See	FIGURE	2	for	a	map	of	collaboration	membership).	In	this	sense,	specific	cultural	understandings	about	what	an	experiment	should	look	like,	rooted	in	either	the	wider	field	of	fields,	or	in	the	specific	culture	of	CDMS,	were	deeply	influential	in	encouraging	the	split	from	XENON.			
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Space.com	On	May	21st	1999	Rick	Kaplan,	the	president	of	CNN,	ordered	the	network	to	preempt	the	financial	program	Moneyline	News	Hour	in	order	to	air	President	Clinton’s	memorial	speech	at	Columbine	High	School.	Believing	the	speech	didn’t	warrant	such	coverage,	Lou	Dobbs	the	program’s	anchor,	instructed	his	production	team	to	ignore	the	request.	Kaplan,	furious	at	being	ignored,	soon	found	himself	in	what	the	New	York	Post	described	as	a	“shouting	match”	between	the	“control	rooms	between	Atlanta	and	New	York.”	The	fight	ended	when	“Dobbs	bowed	and	sarcastically	went	on	the	air,	telling	the	show’s	nearly	900,000	viewers	that	‘CNN	President	Rick	Kaplan	wants	us	to	return	to	Littleton’”	(Tharp,	5/26/1999).	Although	the	CNN	power	structure	later	backed	Dobbs,	the	conflict	exacerbated	Dobb’s	growing	displeasure	with	the	network.	Although	Dobb’s	was	one	of	CNN’s	most	popular	figures,	there	is	some	indication—or	at	least	gossip—that	he	held	a	grudge	at	being	denied	the	CNN	Presidency	in	1990	(Rutenberg,	1999).	Several	weeks	later,	Dobbs	surprised	both	CNN	and	his	future	colleagues	(Zahradnik,	personal	communication,	9/29/2017),	by	resigning	from	CNN	to	serve	as	the	CEO	of	a	new	digital	journalistic	startup:	space.com.	Dobbs	not	only	left	behind	a	large	salary,	but	also	a	stake	in	CNNfn.com,	the	financial	site	Dobbs	had	helped	build.	When	Dobbs	left	CNN	for	Space.com,	he	was	joined	by	a	number	of	other	CNN	employees,	including	Rich	Zahradnik,	who	had	helped	Dobbs	start	CNNfn.com.	Four	years	earlier,	CNN	had	hired	Zahradnik,	who	had	been	working	primarily	as	a	media	and	business	journalists,	to	lead	the	new	digital	financial	site.	Zahradnik	explained	that	while	he	had	little	experience	running	a	news	website,	he	had	set	up	one	of	the	
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first	British	soccer	services	in	the	early	1990s	(personal	communication,	9/29/2017).	When	Zahradnik	and	CNNfn	succeeded,	it	meant	that	“I	and	twenty	other	people	had	built	a	large	very	popular	financial	news	site	for	which	our	payoff	was	our	salaries,	we	got	nothing	else	for	this,	other	people	were	building	such	sites	in	the	IPO	world	and	lots	happened	to	them.”		Although	Dobb’s	departure	from	CNN	was	unexpected,	Dobbs	and	Zahradnik	had	been	working	together	on	space.com	for	more	than	a	year.	When	Dobbs	had	originally	pitched	the	idea	for	a	site	devoted	to	all	things	space,	Zahradnik	and	other	CNN	employees	had	jumped	at	their	chance	to	make	it	big	in	the	early	Web.	As	Dobbs	was	feuding	with	CNN’s	president,	he	was	also	quibbling	with	the	CNN	administration	over	how	much	of	an	investment	Dobbs	could	make	and	how	much	involvement	he	could	have	in	the	venture.	A	few	days	after	he	quit,	Dobbs	told	the	
New	York	Times,	"But	the	level	of	investment	I	want	to	maintain	in	this	was	incompatible	with	keeping	the	job	I	had…Frankly,	a	passive	investment	at	the	end	of	day	wasn't	what	I	wanted.	I	want	active	participation"	(Mifflin,	6/10/99).		When	Dobbs	quit,	he	announced	that	Space.com	would	launch	less	than	two	months	later,	on	July	20th,	the	30th	anniversary	of	the	moon	landing.	Although	Zahradnik,	who	was	the	site’s	president,	had	to	scramble	to	hire	staff,	find	temporary	office	space,	and	purchase	equipment	and	software,	the	site	successfully	met	the	deadline.	From	the	beginning,	Space.com	was	designed	to	be	more	than	a	space	news	site.	When	it	launched	it	not	only	covered	space	news,	but	also	had	a	section	on	science	fiction,	one	on	alien	investigations,	and	an	online	store	(see	Figure	1).	Not	
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long	after	the	site	launched,	however,	it	raised	a	great	deal	of	money,	and	expanded	rapidly.		
	Figure	B.2:	Internet	Archive	capture	from	Space.com	10/13/1999,	less	than	three	months	after	launch.			Zahradnik	left	the	organization	in	late	August49,	and	Dobbs	hired	Mitchell	Cannold,	a	Sony	executive	as	the	site’s	COO,	and	a	week	later,	former	astronaut	Sally	Ride	as	the	president	(PR,	9/21/1999).	With	Dobbs	and	Sally	Ride	as	the	organization’s	public	faces,	Space.com	attracted	a	great	deal	of	public	attention	and	initial	financing,	raising	$50	million	in	second	round	funding	from	a	group	of	firms	including	SpaceVest,	Blue	Chip	Venture	Company,	NBC,	PaineWebber,	Greylock,	and	
																																																								49	Zahradnik	explained	why	he	left:		So	[Dobbs]	became	the	CEO,	and	I	become	the	president,	which	wasn’t	a	problem	for	me.	What	became	a	problem,	about	after	a	month,	it’s	really	just	20	of	us,	20	people	whom	I’m	trying	to	protect	and	get	the	work	done,	and	Lou,	and	kinda	on	top	of	everybody,	and	I	realized	there’s	no	solving	this	problem,	Lou’s	not	going	to	go	away,	and	the	funders	aren’t	going	to	do	anything	about	that,	so	that’s	when	I	left.		
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Venrock	Associates,	the	venture	capital	arm	of	the	Rockefeller	Family	(Space.com	press	release,	3/28/2000)50.		This	influx	of	money	allowed	the	site	to	expand	rapidly.	Most	notably,	it	increased	its	news	operation,	opening	a	series	of	news	bureaus	in	Pasadena,	near	the	Jet	Propulsion	laboratory,	Houston,	Cape	Canaveral,	and	Washington	(Space.com	Press	releases:	8/3,	10/20,	10/27,	and	12/15/1999).	The	site	also	bought	out	several	of	its	key	competitors,	including	the	popular	trade	magazine,	Space	News	and	its	website	Spacenews.com,	Space	Online	(PR	10/26/2000),	Starport.com	(PR	6/20/2000),	and	Spacewatch.com,	an	early	video	streaming	site	built	by	Silicon	Valley	start	up	Pseudo.com	(Blair51,	7/14/2000).	The	company	also	bought	a	popular	star	watching	and	planetarium	software	called	Starry	Night.	It	also	tried	to	reach	beyond	digital	journalism,	starting	a	print	magazine	with	Hearst,	Space	
Illustrated	(PR	4/18/2000),	and	making	deals	to	share	content	with	NBC	(PR	3/22/2000),	and	then	MSNBC	(PR,	9/18/2000).		 By	the	end	of	2000,	however,	as	the	dotcom	bubble	began	to	burst,	the	money	ran	out	and	there	was	little	advertising	revenue	to	replace	it	(R.	Zahradnik,	personal	communication,	9/29/2017).	Things	began	to	turn.	Sally	Ride	stepped	down	as	president	on	September	27,	2000,	and	three	days	later	the	organization	laid	off	22	of	its	108	employees	(PR,	9/30/2000).	Three	months	later,	it	cut	another	12	people,	and	Mitchell	Cannold,	the	COO	and	acting	president,	quit	(Gallivan,	1/5/2001).	By	April,	2001,	CNN,	also	struggling	financially,	had	lured	Lou	Dobbs																																																									50	https://web.archive.org/web/20010827020334/http://www.space.com:80/php/siteinfo/pressrelease/secondround.php)	51	This	is	the	same	Jayson	Blair	that	was	found	to	be	fabricating	stories	in	2003	
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back	with	a	large	($4million)	deal,	and	while	he	remained	on	the	board,	he	stepped	down	as	CEO	of	Space.com	(April	10,	2001	PR).			 While	it	looked	like	the	tech	collapse	would	claim	Space.com	like	it	had	many	nascent	digital	news	organizations,	this	was	not	the	end.	The	executive	board,	still	populated	with	members	of	the	original	backing	VC	firms,	hired	Mark	Wright	from	the	digital	advertising	company	DoubleClick	(PR,	9/2/99)	as	an	interim	CEO.	Wright	kept	the	site	afloat	by		slashing	overhead—like	much	of	the	real-time	newsroom—and	unloading	underperforming	print	publications.	What	remained,	he	concluded,	was	a	viable	information	and	e-commerce	business	that	needed	better	execution	and	a	few	key	acquisitions	to	succeed	(Nelson,	1/18/2006).			This	is	an	important	moment	for	Space.com—Wright	not	only	believed	that	the	only	viable	path	forward	was	to	give	up	a	more	traditional	journalistic	news	room,	but	that	having	done	so,	it	could	remain	an	“information”	business.		Tariq	Malik,	who	has	worked	at	Space.com	since	he	was	hired	as	an	intern	in	September	2001,	remembered	that	at	the	time	they	had	a	“skeleton	crew,”	with	“4	or	5	core	editorial”	personnel.	Importantly,		it	was	made	clear	to	me	that	those	types	of	investments	early	on,	that	were	not	editorial,	one	was	a	membership	driven	publication,	the	other	was	a	commercial	enterprise,	had	a	large	role	in	keeping	the	company	afloat	at	that	time.	…	[along	with]	investors	to	support	the	company	in	the	lean	years	(T.	Malik,	personal	communication,	12/15/2016).			
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Wright	was	followed	as	CEO	by	Dan	Stone,	from	Scient52,	who	respected	Wright’s	plan	and	worked	to	turn	Space.com	from	being	a	space-focused	news	organization	into	a	broader	information	and	commerce	site.	In	2003,	Stone	raised	4.7	million	from	many	of	the	original	investors,	in	part	to	launch	Livescience.com,	a	science	news	site.	Simultaneously,	the	board	renamed	the	parent	organization	Imaginova	to	reflect	its	move	away	from	space.	A	few	months	later,	the	company	raised	another	5.7	million	to	buy	Orion	Telescopes	&	Binoculars,	further	expanding	on	the	sales	and	commerce	side	of	the	business.	For	a	time,	this	strategy	seemed	to	have	worked,	by	2005,	Forbes	reported	Imaginova	had	30	million	in	annual	revenue	(Nelson,	1/18/06),	and	by	August	2006,	the	organization	raised	an	addition	15	million	(Carlsen,	8/10/2006).		 Imaginova’s	success,	however,	didn’t	last	through	the	Great	Recession.	In	2008,	the	division	running	the	Starry	Night	software	bought	itself	from	Imaginova,	forming	Simulation	Curriculum,	which	has	become	an	independent	and	successful	software	company.		In	October	2009,	TopTenReviews	(TTR)	bought	the	website	arm	of	Imaginova,	including	Space.com,	Livescience.com,	and	Newsarama.com.	At	the	time	TopTenReviews	was	identified	by	the	Salt	Lake	Tribune	as	“the	fourth	largest	technology	news	site,	according	to	September	2009	U.S.	figures	from	comScore”	with	12.2	million	monthly	visitors	(Harvey,	10/26/2009).	At	the	time,	TTR	was	“primarily	a	product	review	company,	and	was	looking	to	grow	into	editorial,”	(T.	Malik,	personal	communication,	12/15/2016).	TTR	(which	has	since	gone	through																																																									52	Scient	was	a	major	Internet	consulting	company	at	the	turn	of	the	millennium	that	had	a	massive	fall	in	the	dot.com	burst,	before	being	resold	a	handful	of	times.		
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two	name	changes,	first	to	TechMedia	Networks,	then	to	Purch	Group)	based	its	model	on	describing	and	reviewing	products.	This	content	included	Amazon	links	to	those	products,	which	generated	money	when	readers	clicked	through	the	links.	Imaginova	hadn’t	been	turning	a	profit	with	Space.com	and	Livescience.com,	but	TopTenReviews	had	a	new	financial	model	that	involved	bringing	their	product-focused	content	to	journalism.	Clara	Moskowitz	who	worked	at	Space.com	and	Livescience.com	from	January	2008	through	August	2013,	described	how	TTR	believed	their	model	was	“a	way	to	monetize	the	news.	So	whenever	we	mentioned	telescopes	we	would	link	to	their	page	that	compared	all	of	the	like	best	backyard	telescopes	and	helped	you	choose	which	one	you	wanted	to	buy”	(C.	Moskowitz,	personal	communication,	8/15/2016)	She	observed,	however,	that	this	changed	how	reporters	produced	stories.	Eventually	she	was	instructed	to		keep	in	mind	that	we	need	to	constantly	find	ways	to	tie	these	stories	into	things	that	we	can	sell,	you	know,	so	like	at	points	like	I	felt	kinda	the	conflict	inherent	in	that,	but	I	think	they	tried	to	keep	everything	above	board	and	everything.	I	was	never	asked	to	do	anything	that	I	thought	was	unethical,	but	it	was	just	like,	it	was	a	lot	of	pressure,	I	felt	to,	you	know,	to	produce	quick	stories,	as	many	as	possible,	so	that	we	could	try	to	link	them	to	as	many	product	reviews	as	possible.	And	sometimes	we	would	cover	areas	that	had	good	monetization	potential,	things	like	that”	(C.	Moskowitz,	personal	communication,	8/15/2016).		While	many	of	the	articles	she	wrote,	such	as	those	about	dark	matter,	had	minimal	commercialization	potential,	“the	whole	philosophy	was	certain	parts	of	these	sites	can	keep	the	rest	of	them	afloat”	(C.	Moskowitz,	personal	communication,	8/15/2016).		
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	 Tariq	Malik,	the	current	managing	editor	at	Space.com,	explained	that		a	key	part	of	that	would	be	in	addition	to	your	regular	news	coverage	you	might	want	to	include	things	that	people	might	be	able	to	share	their	passion	with	space	with	their	kids,	so	having	a	space	gift-guide	for	kids,	or	for	adults,	that	is	what	that	looks	like.	We	have	a	telescope	run-down:	here	are	the	new	telescopes	this	year,	here’s	what	you	might	want	to	buy,	here	are	the	reasons	why—it	breaks	it	down	for	the	users…and	then	if	you	write	a	story	about	a	new	space	movie,	maybe	you	include	a	link	to	our	space	movie	page,	which	is	all	about	space	move	that	we	like,	or	books,	or	if	Estes	released	a	new	rocket	that	is	accurate	to	old	Apollo	era	rocket,	so	if	you	write	a	news	piece	about	this	rocket	or	a	new	Kickstarter	you	can	just	add	those	links	in,	where	appropriate,	you	are	not	going	to	shove	something	that’s	commercial	into	a	story	that	wouldn’t	belong,	so	we	make	sure	that	we	keep	it	all	appropriate	to	the	reader	experience”	(T.	Malik,	personal	communication,	12/15/2016).		While	Malik	downplayed	the	influence	that	this	change	has	had	on	editorial	strategy,	Moskowitz	did	observe	some	notable	shifts.	While	Moskowitz	wrote	a	mix	of	stories,	including	some	longer	investigative	pieces,	the	main	sources	for	her	stories	was	“probably	mostly	press	releases	there,	so	that	place	[had	a]	really	fast	turn	around:	these	press	releases	would	come	out,	and	it	was	like	we	need	something	quick,	do	it	in	an	hour,	and	then	you’d	mix	it	up…there	was	a	lot	of	the	press	release	churn	out.”		Swinging	between	exaggerated	hopes	and	despair,	between	expanding	and	contracting,	between	traditional	news	practices	and	new	ones,	Space.com	reveals	some	of	the	struggles	faced	by	digital	science	journalism	producers	over	the	past	several	decades.	Space.com	emerged	at	a	time	when	serious	media	professionals	believed	that	there	were	billions	of	dollars	to	be	made	off	of	new	digital	journalism	outlets.	And	when	it	couldn’t	live	up	to	that	potential	(or,	frankly,	even	turn	a	profit),	
Space.com	might	have	gone	the	way	of	many	other	outlets.	Yet	it	survived	because	it	was	able	to	marry	its	(evolving)	content	to	other	revenue	streams	beyond	digital	
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advertising,	first	becoming	an	information	and	commerce	hub,	and	then	a	“decision-enablement	company”	(T.	Malik,	personal	communication,	12/15/2016).	Yet,	these	changes	have	not	come	without	a	cost:	more	and	more,	Space.com	has	been	forced	to	give	up	producing	independent	reporting	and	focus	on	churning	out	content	quickly.				
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